Little information is known on the rate of repeat gonorrhea infection among U.S. military personnel. We analyzed all gonorrhea cases reported to the Defense Medical Surveillance System during 2006-2012 to determine the rate of repeat infection. During the seven-year study period, 17,602 active duty U.S. Army personnel with a first incident gonorrhea infection were reported. Among the 4987 women with a first gonorrhea infection, 14.4% had at least one repeat infection. Among the 12,615 men with a first gonorrhea infection, 13.7% had at least one repeat infection. Overall, the rate of repeat gonorrhea infection was 44.5 and 48.9 per 1000 person-years for women and men, respectively. Service members aged 17-19 years (hazard ratio [HR] for women ¼ 1.51; HR for men ¼ 1.71), African-American personnel (HR for women ¼ 1.26; HR for men ¼ 2.17), junior enlisted personnel (HR for women ¼ 2.64; HR for men ¼ 1.37), and those with one year or less of service (HR for women ¼ 1.23; HR for men ¼ 1.37) were at higher risk of repeat infection. The findings from this study highlight the need to develop targeted prevention initiatives including education, counseling, and retesting to prevent gonorrhea reinfections among U.S. Army personnel.
Introduction
In the field of sexually transmitted infections (STIs), it is important to study patients with repeat infections because these individuals, often called ''repeaters'' or ''core group'' members, represent a sustained reservoir of infection for STI transmission within a community and their sexual networks. 1 According to a systematic review conducted by Fung et al., 2 the median of repeat gonorrhea infection rates is 7.0%. Although this review provides information on the burden of repeat gonorrhea infections in the U.S. civilian population, most of reviewed studies were conducted among high-risk populations, limiting the generalizability of the findings to other populations, for instance, the U.S. military population.
Historically, gonorrhea has been a common STI in the U.S. military (22 cases per 10,000 person-years during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . 3 However, little information is known on the burden of repeat gonorrhea infections among service members. To date, only one study has reported an estimate of the repeat gonorrhea infection rate among U.S. Armed Forces personnel. 4 Because of the heterogeneous composition of the U.S. military population, the findings from such a report cannot be generalized across all branches of military service. 5 In the Army, the largest branch of the U.S. Armed Forces, the percentage of African-American and female personnel, two groups commonly associated with higher STIs, are higher than in the Navy. In addition, compared to other military branches, the Army has the highest percentage of married personnel. 6 In the U.S. military, treatment of uncomplicated gonococcal infections (ceftriaxone 250 mg in a single intramuscular dose plus azithromycin 1 g orally in a single dose) is consistent with the Centers for Disease Control and Prevention (CDC) STI treatment guidelines. 7 Given that an understanding of the epidemiology of repeat infections is important to develop individuallevel prevention strategies, such as sexual risk-reduction and retesting strategies for STI repeaters, the aim of this study was to determine the rate and determinants of repeat gonorrhea infections among male and female U.S. Army personnel.
Methods

Study design and population
Data for this study were obtained from the Defense Medical Surveillance System (DMSS); details about this military health surveillance system have been published elsewhere. 2, 5 Briefly, DMSS is the central repository of medical surveillance data for the U.S. Armed Forces. This large relational database contains information on personnel demographics, reportable diseases, deployments, and all inpatient and outpatient medical encounters for U.S. military active duty personnel throughout their careers.
In this population-based, case-series study, the population consisted of all male or female service members in the U.S. Army who had at least one gonorrhea infection reported in the DMSS between 1 January 2006 and 31 December 2012. The gonorrhea case definition was based on the ICD-9-CM codes 098.0x, 098.1x, 098.4x, or 098.8x in either the first or the second diagnostic position for any outpatient or inpatient encounter. Consequently, inpatient and outpatient medical records from all gonorrhea cases were reviewed to determine the occurrence of repeat infections based on the date of their first diagnosis (index date) until the case reached one of two right censoring events: (a) termination of military service or (b) the end of the study. We defined a repeat infection as one for which the diagnosis occurred at least 30 days from the previous diagnosis. This time interval is based on the fact that nucleic acid amplification tests can detect residual bacterial deoxyribonucleic acid for up to three weeks after STI therapy. 8 
Study variables
Sociodemographic variables were extracted from the DMSS. These variables were: race/ethnicity (white, African-American, Hispanic, and other), education (no high school, high school, and some college or higher), marital status (single, married, and other), rank (officers, lower enlisted ranks [E1-E4], and higher enlisted ranks [E5-E9]), and years of military service (1, 2-3, and 4). Years of military service is the time in service until the first gonorrhea infection.
Statistical analyses
We calculated the incidence density rate of repeat gonorrhea infection by dividing the number of new repeat infections by the sum of disease-free time that each study participant had during the study period. The log-rank test was used to compare time from the first to the second infection. To analyze the effect of covariates on the risk of repeat events, we applied the Prentice-Williams-Peterson model with gap-time. 9 The Prentice-Williams-Peterson model assumes that the occurrence of the first infection influences the occurrence of a subsequent infection. Multivariate analysis for the risk of repeat gonorrhea infection was performed with adjustment for confounding factors such as age, race/ethnicity, and years of military service. All analyses were conducted stratified by gender. All p-values were two-sided and p-values less than 0.05 were considered statistically significant. Data analyses were conducted using Stata version 13.1 (Stata Corporation, College Station, TX, U.S.).
Results
During the study period, 4987 women and 12,615 men with a first gonorrhea infection were registered into the DMSS (Table 1) . Among infected women, 89% had a high school diploma, 82% were junior enlisted personnel, 65% were single, 57% were African-Americans, 54% were service members aged 20-24 years, and 42% were service members with 1 year of service. Among men, most infections occurred among personnel with a high school diploma (89%), junior enlisted personnel (70%), single marital status (61%), AfricanAmericans (56%), personnel aged 20-24 years (53%), and 22% among service members with 1 year of service.
Among the 4987 women with a first gonorrhea infection, 627 (12.6%), 75 (1.5%), and 18 (0.4%) had one, two, and three or more repeat infections, respectively. Among the 12,615 men, 1401 (11.1%), 239 (1.9%), and 89 (0.7%), had one, two, and three or more repeat infections, respectively. The median time from the first to the second infection among men (5.5 months) was higher than that for women (3.0 months), but the survival distributions showed no statistically significantly difference (p-value ¼ 0.237 by the log-rank test). Figure 1 (a) and (b) shows that for both genders, the survival time (time to a new reinfection) decreases depending on the number of previous reinfections. That is to say, there is an increase in the hazard ratio with each subsequent repeat infection, in particular, among men with three or more repeat infections. To avoid strata with only a few subjects, only the survival function for the first three repeat infections are shown.
Among women, the rate of repeat gonorrhea infection was 44.5 (95% CI ¼ 41.8, 47.9) per 1000 personyears (Table 2) . Women with 1 year of service had the highest rate of repeat infection followed by junior enlisted personnel, African-Americans, and women aged 20-24 years. Among men, the rate of repeat gonorrhea infection was 48.9 (95% CI ¼ 46.9, 51.0) per 1000 person-years, and this was higher among men aged 17-19 years, men with 1year of military service, African-Americans, junior enlisted personnel, and those who were single.
Multivariate analysis reported that women aged 17-19 years and 20-24 years old had 1.51 and 1.40 times the risk of repeat infection compared to women aged 25 years (Table 2 ). Compared to white women, the risk of repeat infection of African-American women was significantly higher, and among single soldiers was lower, but this was not significant compared to women with married status. Compared to officers, the risk of repeat infection among junior enlisted military women was 2.64. In addition, women with 1 year of service had higher risk of repeat infection compared to women with 4 years of service.
Among males, the risk for repeat infection was 1.71 and 1.40 times higher for men aged 17-19 years and 20-24 years old when compared to men aged 25 years, respectively. African-American and Hispanic personnel had 2.17 and 1.44 times the risk of a repeat infection compared to white personnel, respectively. The risk of repeat infection among junior enlisted personnel was statistically significantly 1.37 times higher compared to officer personnel. Men with shorter service time (3 years) had an elevated risk compared to those with 4 years of service.
Discussion
We found a high rate of repeat gonorrhea infections among U.S. Army personnel, with a slightly higher rate among men compared to women. Although this gender difference has been noted in other studies conducted among STI clinic attendees in the U.S. civilian population, 5 we expected to find a higher burden of repeat gonorrhea infections among women than men, since women in the military have two to three times higher gonorrhea infection rates than men since 2000. 3 This small gender difference may be associated with the different signs and symptoms of gonorrhea. Gonorrhea usually produces obvious acute symptoms in men. In contrast, acute manifestations of gonorrhea in women are often vague or non-specific. 10 Consequently, men may be more likely to seek medical care than women, increasing the detection rate of repeat gonorrhea infections among men.
It is also possible that early detection through gonorrhea screening reduces the number of repeat infections among women service members. In the U.S. military, gonorrhea screening is conducted consistent with the recommendations of the U.S. Preventive Services Task Force (USPSTF). 11 The USPSTF recommends annual screening for N. gonorrhoeae in all sexually active women aged <25 years, and older women at increased risk for gonorrhea infection, for instance, women with a previous gonorrhea infection. Further studies are required to evaluate this hypothesis. We also found a short median gonorrhea reinfection period between the first and the second infection for both men and women. A similar short median reinfection time to first reinfection (4.4 months) has been reported by Bernstein et al. 12 However, most civilian studies indicate a longer median time period (9-13 months) for the first gonorrhea reinfection. [13] [14] [15] Although the reasons for this short reinfection period in our population are worthy of further investigation, our results call for more targeted prevention initiatives including education, counseling, and retesting to prevent gonorrhea reinfections, for both genders.
We recommend that all service members with gonorrhea infection should be re-screened 3-6 months after the initial infection to rule out recurrence. Currently, the CDC recommends that women with gonorrhea should be retested approximately 3 months after treatment. 16 The finding that service members aged 17-19 years are at higher risk of acquiring a repeat gonorrhea infection is supported by the results of two systematic reviews, both of which found that the risk of repeat infection is strongly associated with younger age in the U.S. civilian population. 2, 17 Although no specific behavioral factor may predict reinfection for STIs, younger men and women tend to engage in more high-risk sexual practices, and are therefore more prone to repeat infections. In the U.S. military, evidence suggests that sexual behaviors commonly associated with STIs among young service members are inconsistent condom use, multiple sexual partners, and binge drinking. 18 It is therefore plausible to assume that these risky behaviors are determinants of repeat gonorrhea infection among service members. Nevertheless, there is the possibility of reinfection from an untreated sexual partner.
Our multivariate analysis also revealed that junior and senior enlisted personnel had much higher risk for repeat gonorrhea infection than officers. These differences may be attributable to young (junior) military personnel being more likely to engage in high-risk sexual behaviors and substance abuse than officer personnel, increasing their risk of acquiring an STI. Based on the 2008 Department of Defense Survey of Health Related Behaviors among active duty military personnel, younger age was associated with a higher prevalence of sexual risk behaviors. 17 The high risk of repeat infection among personnel with one year or less of military service compared to more than one year may be associated with the demographic composition of the groups. Over 55% of all service members with less than one year of military service were AfricanAmericans, compared to 20% of members with four or more years of military service.
The finding that female African-American personnel had a lower rate of repeat gonorrhea infection compared to male African-American personnel is consistent with numerous studies from the U.S. civilian population. 2 One explanation for this difference may be the fact that African-American women are more responsive to STI prevention efforts than men, mainly due to the presence of more severe medical complications for women (e.g. pelvic inflammatory disease). It is also possible that African-American women engage in less risky sexual behaviors than men, including less chance of exposure to an untreated sexual partner. However, the validity of these arguments should be examined in behavioral research to develop targeted STI control programs in the U.S. Army.
This study had limitations. First, the DMSS was designed to collect medical surveillance data for the U.S. Armed Forces. Therefore, we were unable to control for residual and unmeasured confounding by behavior patterns (e.g. sexual practices). Second, the socio-demographic variables were captured at the time of the first gonorrhea infection, and thus timedependent variables may have affected our estimates. For example, marital status could have changed over time. Third, because the DMSS is a passive system that relies on reporting from military health centers, gonorrhea events may be unreported to an unknown extent. Finally, the DMSS captures only events that require inpatient or outpatient ambulatory medical care in a military facility, thus service members that sought care at private health facilities were not registered into the system. This might account for some missed gonorrhea infections in our analyses.
In summary, our study expands the literature of gonorrhea infection in the U.S. military and provides evidence-based findings for follow-up recommendations for patients and for further research. The high rate of repeat gonorrhea infections found among U.S. Army personnel indicates the need to develop targeted prevention initiatives including education, counseling, and retesting to prevent reinfections and to decrease the risk of long-term complications, for both women and men.
